degree of virulence such that 0.000,000,01 cc. of an 8 hour culture would regularly kill 18 gin. mice within 72 hours. Cultures of R variants were similarly grown in blood broth.
Heat-Killed CdIs.--Young pneumococci were resuspended in a small amount of distilled water and rapidly added to a larger volume of distilled water at 750C.; the temperature was maintained at this level for 20 minutes. This process of "flash" heating was selected because it minimizes the chances of alterations due to enzymatic action (3) . The volume of fluid was so arranged that the final concentration of cells in the bacterial suspension was fifteen times greater than in the original culture.
Bacteriolytic Enzyme.--The enzyme was used in the form of a crude autolysate, or of a filtered solution, or of a preparation partially purified by precipitation with flavianic acid. These three different preparations are described in a preceding paper (3) .
Methods of Immunization.--The cell suspensions were injected into rabbits intravenously on 6 consecutive days, followed by a free interval of 1 week. Three courses were given, each animal receiving daily a dose containing the cells from 1 cc. of broth culture. The rabbits were bled on the 8th day after the last injection of each course.
Mice were given three intraperitoneal injections, at 3 day intervals, of heatkilled cocci resuspended in 0,5 cc. physiological saline. The immunizing dose is described for each experiment. 6 days after the last immunizing injection, the mice were infected by the intraperitoneal injection of virulent pneumococci as described for each experiment.
Serological Tests.--In all precipitin reactions, 0.5 cc. of immune serum, or 0.2 cc. of the serum diluted to 0.5 cc. volume with salt solution, was added to an equal volume of graded dilutions of the purified capsular polysaccharides. The mixtures were incubated for 2 hours at 37°C.; the final readings were made after keeping the reacting mixtures overnight in the ice box.
The E~ect of the Bacteriolytic Enzyme upon the Antlgenicity of HeatKilled Pneumococci in Mice.--It is known that when heat-killed pneumococci are treated with appropriate amounts of pneumococcus autolysates, the cells are disintegrated into Gram-negative detritus (4) . The effect of this treatment upon the antigenicity in mice of Type I pneumococci is considered in Experiment 1. Experiment 1.--A mixture in equal volumes of a suspension of heat-killed pneumococci Type I and of active autolysate prepared from the same strain was incubated for 3 days at 37°C. Marked clearing of the cell suspension occurred and stained films revealed the presence of only Gram-negative detritus.
To serve as control a portion of the same suspension of heat-killed cells was incubated for the same length of time with an equal volume of the same autolysate which had been inactivated by heating in a boiling water bath for 10 mlnutes. In this case the heat-killed cells retained their characteristic morphology and staining reactions.
Four groups of sixteen mice each were immunized with these preparations, as indicated in Table I . Some of the mice received a total amount of 0.6 cc. of cell It appears from the resu]ts presented in Table I that all the mice immunized with the control intact bacterial cells (treated with the heated enzyme) were protected against the maximal infecting dose of Type I Pneumococcus used in the test (0.001 cc.). Immunization with the lysed cocci induced a variable degree of active immunity which, however, was less than that developed in response to the control antigen. In all instances the protection acquired was sharply type specific.
It may seem strange that immunization with the smaller amount of disintegrated pneumococci (0.12 cc.) induced more efficient immunity than did the larger amounts of the same material (0.6 cc.). This is not, however, an unprecedented observation. Schiemann and Casper (5) immunized mice against infection with virulent pneumococci by the injection of preparations of the capsular polysaccharide of the same specific type as that of the organisms used as infective agent; they observed, however, that to be antigenically effective, the polysaccharide had to be used within a limited range of concentration; when too much was injected, no immunity resulted. Similarly, Avery and Goebe| (6) , following the studies of Enders (7) and of Wadsworth and Brown (8), prepared from Type I pneumococci an acetylated form of the capsular polysaccharide which was antigenic in mice under the conditions described by Schiemann and Casper. There exists, therefore, an analogy between the irregular type of immunization described in Table I and the results of Schiemann and Casper, and of Avery and Goebel by the use of the po|ysaccharides alone. This analogy suggests that the protection induced in mice by immunization with disintegrated pneumococci may be due to the small amount of free polysaccharide present in the preparation.
The amount of bacteriolytic enzyme used in Experiment 1 was sufficient to cause complete disintegration of the heat-killed pneumococci. However, it has been shown in a previous paper (3) that it is possible to render the bacteria Gram-negative without affecting their characteristic morphology or causing an actual lysis of the cells. When Gram-negative bodies, prepared from Type I pneumococci by the use of small amounts of enzyme, were tested for their ability to stimulate active immunity in mice, results similar to those of Experiment 1 were obtained. incite the production in rabbits of the homologous type specific precipitin. This is established in the following experiment.
Experiment 2.--The immunizing materials were the same preparations used in Experiment 1. Three rabbits were immunized with the control bacteria treated with the heat-inactivated enzyme, while six animals received the cocci treated with the active enzyme. The animals were bled after the second and third course of immunization and their sera were tested for the presence of precipitins for Type I capsular polysaccharide. The results are presented in Table II .
The results of Experiment 2 indicate that the serum,of the three rabbits immunized with the control intact bacteria was capable of precipitating the Type I capsular polysaccharide; whereas the serum of the six animals which had received the disintegrated pneumococci failed to react even after the third course of immunization.
A decrease in antigenicity was also observed when the pneumococci were merely rendered Gram-negative, but not disintegrated. This is shown in the following experiment.
Experiment 3.--The heat-killed bacteria collected from 150 cc. of Type I pneumococcus culture were resuspended in 15 cc. of ~/20 phosphate buffer pH 6.0, and treated with 1.0 cc. of a solution of bacteriolytic enzyme (prepared from an R strain derived from Type II) which had been purified by precipitation with flavianic acid (3). The cells exposed to the action of the enzyme for 18 hours at 37°C. had become Gram-negative, but had not lost their morphology and there was no clearing of the cell suspension. The Gram-negative cells were centrifugalized, resuspended in the same enzyme solution, incubated, and the same process again repeated. The bacteria were finally resuspended in physiological saline, and the cell suspension was found to have retained the same appearance as after the first digestion.
To serve as controls, heat-killed pneumococci (Type I) were subjected to the same treatment described above (incubation at 37°C. in buffer pH 6.0, repeated washings) but without being exposed to the action of the enzyme; these bacterial cells remained intact and Gram-positive.
The two rabbits immunized with the control intact bacteria developed type specific precipitins for the capsular polysaccharide after the first course of immunization and the antibody titer increased as the immunization was continued. On the other hand, the sera of the three rabbits which had received the Gram-negative cocci still failed to give the precipitin reaction even after the third course of immunization.
Two conclusions can be derived from this experiment. (a) An enzyme prepared from an R strain derived from Type II, is capable of inactivating the capsular polysaccharide antigen of Type I pneumococci. (b) Virulent pneumococci lose the ability of inciting rabbits to form the type specific carbohydrate antibody when they are rendered Gram-negative, even though the cells retain their characteristic morphology.
In the preceding experiments the bacteria used for immunization had been killed by heat; it will be shown in the following experiment that the bacteriolytic enzyme is equally effective against ceils killed by iodine.
Experiment 4.--The cells collected from 150 cc. broth cultures of Pneumococcus
Types I and III were respectively resuspended in 10 cc. ~/100 iodine and exposed to this reagent at 37°C. for 24 hours. This amount of iodine was sufficient to cause an irreversible inactivation of the cellular autolytic enzymes, and therefore to fix the cells as Gram-positive cocci (3). The iodinated cells were then washed twice with saline and resuspended in 7.5 cc. saline. Autolysates of Pneumococcus Type I and Type III were prepared as usual.
Aliquot portions of the suspensions of the iodinated cells were then mixed with equal volumes of the autolysates as indicated in Table III , and the mixtures were Rabbits were immlmized by the intravenous route with the suspensions of digested bacteria or with untreated Gram-positive iodinated cocci. The animals were bled after the second course of immunization and their sera tested for the presence of precipitins directed against the Type I and Type III capsular polysaccharides (Table III) It has been shown in a previous paper that by desiccation with cold acetone, it is possible to kill pneumococci under such conditions that their own auto]ytic enzymes remain present in an active form (2) . When these desiccated cells are resuspended in a medium which destroys or inhibits the enzymes, the bacteria retain their characteristic morphology and staining reactions; in a physiological solution, on the contrary, the desiccated cells undergo autolysis immediately. Experiment 5 describes the comparative antigenicity in rabbits of pneumococci killed with acetone and resuspended in neutral buffer, or in iodine solution.
Exlberiment 5.--The cells collected from 300 cc. of broth culture of Pneuniococcus Type I were resuspended in 10.0 cc. of cold distilled water, precipitated with 100 cc. of chilled acetone, washed again with acetone, and desiccated in vacuo. Half of the desiccated cells were resuspended in 10.0 cc. of ~/20 phosphate buffer pH 6.9; this suspension kept for 5 minutes at room temperature, revealed only the presence of Gram-negative detritus. It was immediately heated at 70°C. for 20 minutes to prevent any further enzymatic action.
The other half of the desiccated material was resuspended in 10.0 cc. of M/100 iodine and maintained at 37°C. for 48 hours in this fluid. This suspension washed free of iodine was found to consist of Gram-positive cocci.
Two groups of three rabbits each were immunized with these two preparations; the animals were bled after the second course of iniection. The presence of type specific precipitins was tested, using the sera in final dilutions of 1 : 2 and 1 : 5 and the Type I capsular polysaccharide in final dilution of 1:100,000.
The sera of the three rabbits immunized with the desiccated cells which remained intact and Gram-positive after iodination showed immediate precipitation in the presence of the type specific polysaccharide; on the other hand, no precipitin for the polysaccharide was demonstrable in the sera of the three animals which had received the desiccated cells allowed to autolyse in the neutral buffer solution.
It appears from the results of this experiment, that the acetone treatment does not per se inactivate the capsular polysaccharide anti-gen, nor (as previously shown (2)) does it inactivate the autolytic enzymes; the antigenicity of the desiccated cells is lost only as a result of enzymatic action.
The activity of the enzymes present in the desiccated pneumococci was further demonstrated in the following manner. Type I pneumococci were killed with an amount of iodine sufficient to destroy irreversibly their autolytic enzymes (3), and then washed free of iodine. When acetone-desiccated ceils were added to these iodinated cocci, the latter were reduced to Gram-negative detritus and, when injected into rabbits, failed to incite the production of precipitins for the type specific carbohydrates.
DISCUSSION
The capsular polysaccharides of pneumococd, long considered as true haptens, are now known to be antigenic in man, in mice, and in rats. Their antigenicity in mice, however, suffers some limitations hitherto unexplained. Casper and Schiemann (5), Avery and Goebel (6) , have observed that when injected intraperitoneally into mice, these polysaccharides give rise to the development of active immunity only when used in very low concentration; when used in excess, the antigen is ineffective. At best, the protection induced in mice is somewhat erratic in contrast with the more uniform and greater immunity which follows immunization with the intact heat-killed cells.
Heat-killed pneumococci (Type I), which have been disintegrated with the pneumococcus bacteriolytic enzFme , still retain the property of inducing type specific active immunity in mice. The results presented in Experiment 1 indicate, however, that the enzyme-treated cells are not as efficient antigens as the intact cocci. In fact, the analogy between the "antigenic activity in mice of the disintegrated cocci and of the free acetyl polysaccharide suggests that the residual antigenicity of the former material may be due solely to the presence of small amounts of free polysaccharide in the disintegrated cell suspension.
In the rabbit, the polysaccharides are not antigenic and fail to cause the production of precipitins, agglutinins, or protective antibodies, whatever the concentration or the route of injection used. It is therefore apparent that in the intact bacterial cell, the capsular polysaccharide antigen is present in a form which differs in some way from the soluble products which have been isolated and purified.
The capsular "polysaccharide antigen loses its efficacy in rabbits when the cells are disintegrated by autolysis, by treatment with bile, or by freezing and thawing. These three techniques involve the participation of some at least of the autolytic enzymes (2); in fact, it has been shown that heated or iodinated pneumococci that are capable of eliciting in rabbits the specific anticarbohydrate response lose this particular antigenic property after they have been exposed to the action of the active enzymes derived from homologous or heterologous strains of the organisms. This form of antigenic inactivation does not require that the cells have undergone lysis; it is sufficient that the enzymes render them Gram-negatlve, without destroying their characteristic morphology.
It is essential to point out once more that the present study is concerned only with the precipitins directed against the type specific capsular polysaccharides of encapsulated pneumococci. It is probable, however, that there exist in the pneumococcus cell other antigens which differ markedly from the capsular polysaccharide antigen in possessing greater resistance to cellular enzymes. But in any case, the paramount importance of the capsular polysaccharide antibodies in determining active and passive immunity to pneumococcus infections renders imperative the control of any autolytic process during the preparation of the cells to be used as immunizing agents.
S~A'~RY 1. Mice ~mmunized with heat-killed cells of virulent pneumococci (Type I) which have been treated with active preparations of the bacteriolytic enzyme, develop a certain degre6 of type specific resistance to subsequent infection. This active immunity, however, appears to be due to the small ar~ount of free acetyl polysaccharide present in the suspension of digested bacteria, and is always of a less pronounced degree than that obtained with intact heat-killed cells.
2. Virulent pneumococci killed by heat or iodine when subjected to the action of active preparations of the bacteriolytic enzyme lose
